IMPORTANCE Recent national data suggest there were improvements in serum lipid concentrations among US children and adolescents between 1988 and 2010 but an increase in or stable blood pressure (BP) during a similar period.
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Between 1988-1994 and 2007-2010, there were improvements in serum lipid concentrations among US children and adolescents. 8 Several studies using National Health and Nutrition Examination Survey (NHANES) data have examined changes over time in BP among US children and adolescents between 1988-1994 and more recent survey periods, including 1999-2002, 2003-2006, and 1999-2008 , and noted an increase in or stable BP among children and adolescents. [9] [10] [11] The objectives of this study are to describe the prevalence of adverse serum concentrations of total cholesterol (TC), highdensity lipoprotein cholesterol (HDL-C), and non-HDL-C as well as adverse BP among US children and adolescents in 2011-2012 and to describe linear trends since 1999-2000.
Methods

Study Design
The NHANES is a nationally representative sample of the civilian noninstitutionalized US population conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention (CDC). Details of the complex survey design are described elsewhere [12] [13] [14] and are briefly summarized herein.
As part of the survey design, specific groups are oversampled during select years to increase reliability of estimates. Beginning in 2011-2012, non-Hispanic Asian individuals were oversampled. Serum lipid concentrations were measured in participants aged 6 years and older and BP was obtained from those aged 8 years and older. This article is restricted to nonpregnant children and adolescents aged 8 to 17 years. This age range was chosen because BP in the NHANES is assessed beginning at age 8 years and BP-related definitions change at age 18 years. 1 Written parental consent was obtained for youths younger than 18 years and child assent was obtained for those aged 7 to 17 years. The National Center for Health Statistics Research Ethics Review Board approved the NHANES protocol. The overall unweighted examination response rate was 69.5% in 2011-2012.
Laboratory Methods
Venous samples were collected from participants, stored frozen, and shipped to a laboratory according to a standardized protocol. [15] [16] [17] Similar to previous NHANES data releases, standardization of serum lipid measurements was performed according to the criteria of the CDC's Lipid Standardization Program, which ensures measurements are accurate and comparable across studies. 18 The non-HDL-C concentration was calculated as TC concentration minus HDL-C concentration. In 1999-2002, HDL-C was measured using both the direct immunoassay method and the heparin manganese precipitation method; starting in 2003, all HDL-C samples were analyzed using the direct immunoassay method. In data collected between 2003 and 2006, there was a substantial increase in HDL-C concentration, which is believed to be, in part, a method effect.
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Methods of BP Assessment
Three consecutive BP readings were obtained 30 seconds apart from children aged 8 years and older after resting quietly in a sitting position for 5 minutes. 20 For this analysis, an average of up to 3 brachial systolic (first Korotkoff phase) and diastolic (fifth Korotkoff phase) BP readings were used as the participants' systolic and diastolic BP values. 9 Approximately 5%
(unweighted) of youths were missing all 3 systolic and diastolic BP readings and approximately 85% had all 3 systolic and diastolic readings. The medical wall-mounted gravity mercury sphygmomanometer (Baumanometer) and appropriate BP cuff sizes were used to obtain all BP values. The BP values were assessed by a trained physician and there were strict quality control and assurance measures. 20 There were no changes between 1999 and 2012 in assessment of BP.
Definitions for Adverse Lipid Concentrations and BP
Adverse lipid concentrations were defined as follows: TC concentration of 200 mg/dL or higher; HDL-C concentration lower than 40 mg/dL; and non-HDL-C concentration of 145 mg/dL or higher 1 (to convert TC, HDL-C, and non-HDL-C to millimoles per liter, multiply by 0.0259). An adverse concentration in 1 or more of the 3 lipids is also presented. Fasting triglycerides and low-density lipoprotein cholesterol levels are reported in the NHANES for adolescents but are not included in this analysis because these values were obtained from only half the sample (those who fasted) and the narrow age range often necessitates combining multiple years of data. Sex-, age-, and height-specific cut points informed by the Fourth Report on the Diagnosis, Evaluation, used to define BP categories. Height was measured using a standardized protocol and was converted into a z score based on the 2000 CDC growth charts. 22 High BP was defined as a systolic or diastolic BP at the 95th percentile or higher and borderline high BP was defined as a systolic or diastolic BP at the 90th percentile or higher but lower than the 95th percentile or as BP levels of 120/80 mm Hg or higher (but <95th percentile). Categorization of BP is similar to previous reports. 9 We also present estimates for either borderline or high BP, similar to previous reports.
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Definitions Analysis of an outcome with low prevalence is challenging in complex surveys such as the NHANES for a variety of reasons, including assumptions regarding its distribution and appropriate methods for statistical testing, and analyses may be best done on large samples. Initial analysis for this article showed that a low percentage of youths aged 8 to 17 years had high BP in 2011-2012 (1.6%). Thus, we limited statistical testing related to high BP to trend analyses overall and stratified by sex because these groupings had relatively large samples. We also conducted and report sensitivity analyses that combined data from [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , and 2009-2012 and tested a linear trend for high BP across these survey periods. Further, the focus of our reporting of high BP is descriptive rather than analytic, and the reported P values associated with high BP trend analyses should be interpreted with caution.
To assess the statistical reliability of estimates, a relative standard error was calculated by dividing the standard error by its respective prevalence estimate, multiplied by 100. 13 Additional considerations for statistical reliability of the estimates with a relative standard error of 40% or greater were examined, including the confidence interval width, where 20% or greater was considered high, and the number of persons in the sample who met criteria for the outcome. There was no instance of a confidence interval width of 20% or greater when the relative standard error was 40% or greater, but there were instances in which the number of cases was less than 10 and these estimates should be interpreted with caution. Statistical analyses were performed using SAS version 9.3 statistical software (SAS Institute Inc) and SUDAAN version 11.0 statistical software (Research Triangle Institute). Analyses accounted for the survey's complex design. Statistical significance was determined at P < .05 without adjustment for multiple comparisons.
Missing Data
Of the 1768 nonpregnant children and adolescents aged 8 to 17 years who were examined in the 2011-2012 NHANES, 286 were missing data on serum lipid concentrations, with more missing data among younger children. For the BP analyses, a total of 103 individuals were excluded: 8 were missing height, which is needed for z score calculation, and 95 were excluded for missing or incomplete BP data. To investigate the potential for nonresponse bias, we readjusted the examination sample weights using the PROC WTADJUST procedure in SUDAAN. 28 This procedure used a direct adjustment for age groups, sex, and race/Hispanic origin to reweight the data. The adjusted sample weights resulted in similar estimates and overall conclusions; therefore, we used the publicly available sample weights for the reported results to enhance reproducibility of study results.
Results
In 2011-2012 among youths aged 8 to 17 years, 7.8% (95% CI, 5.7-10.4) had an adverse TC concentration, 12.8% (95% CI, 9.8-16.2) had an adverse HDL-C concentration, 8.4% (95% CI, 5.9-11.5) had an adverse non-HDL-C concentration, and 20.2% (95% CI, 16.3-24.6) had an adverse concentration of at least 1 of the 3 measures ( Table 1) . In 2011-2012, 1.6% (95% CI, 1.0-2.4) had high BP, 9.4% (95% CI, 7.2-11.9) had borderline high BP, and 11.0% (95% CI, 8.8-13.4) had either high or borderline high BP ( Table 2) . Among non-Hispanic Asian youths, prevalences of adverse concentrations of TC, HDL-C, and non-HDL-C were 7.5% (95% CI, 3.7-13.1), 9.2% (95% CI, 6.0-13.3), and 7.0% (95% CI, 2.6-14.6), respectively, and prevalences of high and borderline high BP were 1.7% (95% CI, 0. American youths had higher prevalences of prehypertension and hypertension than non-Hispanic white youths in their study of 199 513 children and adolescents living primarily in urban and suburban communities in northern California, Colorado, and Minnesota. Differences in conclusions between our study and that of Lo and colleagues may in part be attributed to differences in the study samples. However, owing to the relatively small samples in our analysis, more detailed analyses may be performed when the 2013-2014 NHANES data are available to combine with the 2011-2012 data. In a study conducted in Toronto, Ontario, Canada, 30 BP measurements in European, Chinese, and South Asian adolescents were similar but [33] [34] [35] Regardless of the source of the cut points used to define adverse lipid and BP levels in children and adolescents, these definitions are not based on cardiovascular events but rather on statistical definitions and/or expert opinion. This differs from adults in whom the associations between cardiovascular events and both dyslipidemia and hypertension are more clearly delineated. 7 Clinical practice guidelines 1,21 recommend repeated BP measurements on multiple occasions to define hypertension in children and adolescents. Some children and adolescents with an initial BP reading suggestive of hypertension may have subsequent normal BP readings. For example, in the study by Lo et al, 29 5.4% of children and adolescents had an initial BP reading consistent with hypertension but a small proportion (3.8%) of these children had confirmed hypertension after subsequent assessments. Because BP in our study was assessed using up to 3 measurements on a single visit, the terminology of high and borderline high BP is used, similar to previous reports, 11, 24 rather than hypertension and prehypertension even though the same cut points are used. Further, because the reported estimates for high BP are based on only 1 visit, the reported prevalence of high BP may overestimate the prevalence of hypertension using accepted clinical criteria. In trend analyses, choice of the initial years of data may affect conclusions. Recent BP and lipid trend analyses in children and adolescents have used the Third NHANES, 1988-1994, as the initial years. For this analysis, we a priori chose Number of cases among those with a relative standard error of 40% or higher is as follows for high BP: boys, n = 17; non-Hispanic black, n = 8; Hispanic, n = 11; non-Hispanic Asian, n = 3; overweight, n = 5; and obese, n = 5. c For girls vs boys, P = .008; for age 13 to 17 years vs 8 to 12 years, P < .001; and for obese vs normal weight, P = .01. d For girls vs boys, P = .01; for age 13 to 17 years vs 8 to 12 years, P = .002; for non-Hispanic black vs non-Hispanic white, P = .02; and for obese vs normal weight, P = .01. e Reference group for statistical comparisons.
f Relative standard error of 40% or higher.
g Relative standard error of 30% or higher but less than 40%.
h Sample sizes for race/Hispanic origin do not sum to the total because the category of other is not shown separately. i The BMI values were rounded to 1 decimal place, with underweight (BMI <5th percentile), normal weight (BMI 5th to <85th percentile), overweight (BMI 85th to <95th percentile), and obese (BMI Ն95th percentile) defined based on the 2000 Centers for Disease Control and Prevention growth charts.
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Underweight participants are not shown separately. in other countries, including Korea 39 and Seychelles. 40 As serum lipid concentrations and BP are correlated with a variety of factors, these findings are plausible. Moreover, there have been improvements in other related factors since 1999, including a decrease among high school students in smoking and viewing 3 or more hours of television per day. 41 Our study is nationally representative of the US population and we present the most recent national estimates of adverse lipid concentrations and BP among children and adolescents. Further, we also present national estimates of adverse serum lipid concentrations among non-Hispanic Asian children and adolescents, which have not been previously published to our knowledge. However, there are limitations to our study. Despite consistent BP assessment methods during our study period, there were changes in assessment of HDL-C concentration and there is a potential for laboratory bias. Given that concentrations of TC, HDL-C, and non-HDL-C vary by age, 38, 42 caution in interpretation of these values based on a single measure should be considered. "White coat hypertension," the transient increase in BP in the presence of a medical professional, has been described in children 43, 44 ; this effect may increase our estimates of borderline high and/or high BP.
Research Original Investigation
Conclusions
During our study period, there were modest improvements in lipid concentrations among US children and adolescents aged 8 to 17 years but no significant change in borderline high BP or combined high and borderline high BP. The prevalence of high BP was 3.1% or less in each of the survey periods and was 1.6% in 2011-2012, the most recent survey. The reasons for these trends require further study. In 2011-2012, approximately 1 in 5 youths had an adverse serum lipid concentration and slightly more than 1 in 10 youths had either borderline high or high BP.
